Introduction
The purpose of this paper is to present mathematical evidence that electromagnetic near-field waves and wave groups, generated by an oscillating electric dipole, propagate much faster than the speed of light as they are generated near the source, and reduce to the speed of light at about one wavelength from the source. The speed at which wave groups propagate (group speed) is shown to be the speed at which both modulated wave information and wave energy density propagate. Because of the similarity of the governing partial differential equations, two other physical systems (magnetic oscillating dipole, and gravitational radiating oscillating mass) are noted to have similar results.
Analysis of electric dipole

General solution
Numerous textbooks present solutions of the electromagnetic fields generated by an oscillating electric dipole 1, 3 . One simple and elegant solution solves the inhomogeneous second order "superpotential" wave equation 
It should be noted that this solution is only valid for distances (r) much greater than the dipole length (d o ). In the region next to the source (r ~ d o ) can not be modeled as a sinusoid: t Sin . Instead it must be modeled as a sinusoid inside a dirac delta function:
. The solution to this hyper-near-field problem can be calculated using the Lienard-Wiehart potentials 13, 14, 18 .
Lines of electric force analysis
Traditionally the electric lines of force can be determined from the relation that a line element (ds) crossed with the electric field is zero. The resulting partial differential equation can then be solved yielding the classical result. 
A contour plot of this solution (Eq. 8) reveals the classical radiating oscillating electric dipole field pattern (Fig. 2) . Careful examination of the pattern reveals that the wavelength of the generated fields are larger in the nearfield (a) and reduce to a constant wavelength after the fields have propagated about one wavelength from the source (b). The speed of the fields (phase speed = c ph ) near the source can then be concluded to propagate faster than the speed of light from the relation that wave speed (c ph ) is equal to the wavelength ( ) multiplied by the frequency (f), which is constant. 
The Mathematica code (Ver. 3.0) shown above generates 24 plots of the propagating electric field at different isolated moments in time. Mouse clicking any of the frames in Mathematica animates the plot, revealing that the ovals of constant electric field enlarge as they propagate away from the source (located at r = 0). It is also interesting to note that as the electric field lines are generated, some of the electric lines of force very near the dipole (~ /10 wavelength) appear to propagate only a short distance and then reverse and propagate back into the source. 
Definition and calculation of wave phase speed
Phase speed can be defined as the speed at which a wave composed of one frequency propagates. The phase speed (c ph ) of an oscillating field of the form Sin t kr () , in which kk r (,) , can be determined by setting the phase part of the field to zero, differentiating the resultant equation, and solving for 
Differentiating kr ¡ ¢ £ with respect to r yields:
Combining these results and using k c o yields:
Definition and calculation of wave group speed
In some physical systems the wave phase speed is a function of frequency. In these systems when waves composed of different frequencies propagate, the wave group (wave envelope) propagates at a different speed (group speed) than the individual waves. The group speed is also known to be the speed at which wave energy and wave information propagate The group speed (c g ) can then be determined by setting the phase part of the modulation component of the field to zero, differentiating the resultant equation, and solving for t r 
Radial electric field (E r )
Applying the above phase and group speed relations (Eq. 14, 18) to the radial electrical field (E r ) component (Eq. 5) yields the following results: 
Transverse electric field (EÄ )
Applying the above phase and group speed relations (Eq. 14, 18) to the transverse electrical field (EÅ ) component (Eq. 5) yields the following results: 
Transverse magnetic field (H¡ )
Applying the above phase and group speed relations (Eq. 14, 18) to the transverse magnetic field (H¢ ) component (Eq. 6) yields the following results: 4 Graphical evidence of superluminal phase and group speed
Superluminal near-field phase speed of radial electric field
To demonstrate the superluminal near-field phase velocity of the longitudinal electric field, the calculated phase and amplitude functions can be inserted into a cosine signal and the field amplitude can then be plotted in the near field as a function of space (r) at several isolated moments in time (t), (Fig. 14) . A field propagating at the speed of light (shown as a dashed line) is also included in the plot for reference. The following parameters are used in the subsequent plots: 1m wavelength (), 300GHz signal frequency (f), 3.3ns signal period (T). The following Mathematica code (Fig. 13 ) is used to generate these plots: Figure 13 . Mathematica code used to generate plots The longitudinal field (shown as a solid line in the plot above) is observed to propagate away from the source, which is located at r = 0. As it propagates away from the source, the oscillation amplitude decays rapidly (1/r 3 ) near the source (r < ), and decreases more slowly (1/r 2 ) in the farfield (r > ) (ref Eq. 5). A field propagating at the speed of light (shown as a dashed line in the plot above) is also included in the plot for reference. Both signals start together in phase. The longitudinal field is seen to propagate faster than the light signal initially when it is generated at the source. After propagating about one wavelength the longitudinal electric field is observed to slow down to the speed of light, resulting in a final relative phase difference of 90 degrees. In order to see the effect more clearly the signals can be plotted with the amplitude part of the function set to unity (Fig. 15) . 
It is also instructive to plot the signals as a function of time (t) for several positions (r) away from the source (Fig 16) . At the source (r = 0) both signals are observed to be in phase. Further away from the source the longitudinal field signal is observed to shift 90 degrees, indicating that it arrives earlier in time. The plots shown below are normalized for clarity, but it should be noted that the signals have the same form even if the amplitude part of the function were included. The only difference is the vertical scaling of the plot. From these plots it can also be seen that the longitudinal field propagates much faster than the speed of light near the source (r < ), and reduces to the speed of light at about one wavelength from the source (r ), resulting in a final relative phase difference of 90 degrees between the longitudinal field (shown as a solid line), and the field propagating at the speed of light (shown as dashed line). 
Superluminal near-field group speed of radial electric field
To demonstrate the superluminal near-field group propagation speed of the longitudinal field, the calculated phase and amplitude functions can be inserted into the spectral components of an amplitude modulated cosine signal, and the field amplitude can then be plotted as a function of space (r) at several isolated moments in time (t), (Fig. 18 ). To demonstrate this technique the group propagation (shown as a solid line) is compared to the phase speed propagation (shown as a dashed line) of waves of the form: t kr Cos . Note that the phase component (kr) is independent of frequency. This result is known to produce group waves and phase waves that both propagate at the speed of light. This can be seen by using (Eq. 14): since kr 
Plotting the signals as a function of time for several spatial positions from the source also shows that group and phase signals travel at the same speed and remain in phase as they propagate. The superluminal near-field group propagation speed of the longitudinal electric field can also be demonstrated in the same way as in the above example. The calculated phase function for the field can be inserted in into the spectral components of an amplitude modulated cosine signal and the field amplitude (shown as a solid line in the plot below) can then be plotted as a function of space (r) at several isolated moments in time (t), (Fig. 21, 22 ). An amplitude modulated field propagating at the speed of light (shown as a dashed line) is also included in the plot for reference (envelope propagates at speed of light). Note that for this reference signal both the phase speed and the group speed are equal to the speed of light (ref Fig. 18, 19) . The following mathematica code (Fig. 20) is used to generate the plots below. The same signal parameters used in the previous example are used in the calculation. Wave propagation can then be modelled by inserting the calculated phase relation of the wave into the spectral components of the modulated signal. 
The speed at which the wave group (envelope) propagates can be determined by squaring the resultant modulated signal (Eq. 35) and noting the phase shift ( Therefore it is concluded that near the source, along the axis of vibration, the longitudinal gravitational phase speed is much faster than the speed of light. The group velocity has been shown to be 
From the above results (Eq. 51, 52) it is concluded that near the source both the phase speed and the group speed of the longitudinal gravitational field, along the axis of vibration of the mass, are much faster than the speed of light.
Conclusion
This paper has provided mathematical evidence that electromagnetic near-field waves and wave groups, generated by an oscillating electric dipole, propagate much faster than the speed of light as they are generated near the source, and reduce to the speed of light at about one wavelength from the source. The speed at which wave groups propagate (group speed) has been shown to be the speed at which both the wave energy density and modulated wave information propagate. Because of the similarity of the governing partial differential equations, two other physical systems (magnetic oscillating dipole, and gravitational radiating oscillating mass) have been shown to have similar near-field superluminal results.
